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SPECtPICATtON 

Method and apparatus for opttaxialsolidifieartion 

B This Invention relates to methods and apparatuses 
for directionally solidifying molten metals^ most 
partieulaHy to ths production of single crystals with 
oontrolled crystalloeraphic orientation* 
It IS well known that great {mprovements in tha 

1 0 porformance of metal structures can be achieved by 
unidirectional casting techniques which produce 
articles with columnar grain or einglo crystals. See, 
for example, the teachings of Ver Snyder. 
Patent 3 260 505, and Picarcey, U.S. Patent 3 494 709. 

1 S Tha principal objecdve of the prior art apparatus, 
methods, and articles has been to provide structures 
which have enhanced properties along the principal 
exis of the article, that Is, the prindpal axis of the 
art'ela is typloally the solidification growth axis or 

20 the axis along which the eoiidification firont la caused 
to move. 

When metals are directionally solidified, they 
often by nature solidify or grow faster In one 
crystallographio orlentetion than others. Forexam- 

2S pie, in niclcel base super-alloys the [001 ] orientation 
is found to predominate. As a resuit. single crystal 
castings made by means disclosed in U.S. Patents 
494709, mentioned above, will have the [001] 
orientation lying along the growth axis. Therefore, to 

30 produce another crysta It ographic orientation along 
the principal axis of solidification ^pedali^ced technU 
quea must be used. Also, the orientation of crystais 
with respect to the plane perpendicular to the axis of 
soUdrficaton is randon in most directionally solidi" 

35 fled articles unless steps are taken to achieve 
control. The ctystallographlc orientation measured 
along the principst axis of a casting is called the 
primary orientation, while the polar oriantation in 
the plane perpendicualrtothe principal axis Is called 

40 the secondary orientation. 

The properties of a material such as a columnar 
grain or single crystal material are infiuenced by its 
crystaltogrephlc orientation. Forexampie^the elastic 
rrradull will be importantly varied In many alloys and 

45 the performance of parts undar stress and strain 
thereby affected. Consequently in more sophisti- 
cated applications of advanced materiafs, it is of 
Increasing importance to control both the primary 
and secondary orientations. The crystallographio 

50 orientations of materials ere detenninabfe by con- 
ventional nondestructiva laboratory techniques. 
Radiographic diffraction, e.g. by the Lauo method, is 
most useful. Furthermore, changes tn crystal log* 
raphic structure can be readily ascertained by con- 

55 ventlonal grain etching. If the orientation at a 
location in a part is determined, the orientation will 
bathe same in another region In the absence of an 
intervening grain boundary, and absent subtle crys* 
tat variations beyond the scope of this discussion. 

60 A useful technique for controlling crystallographio 
structure in cast erticfes Is the use of a previously 
made metal seed which hes the desired structure. !f 
the article casting can be made to growepitaxlaily 
from the seed, the seed structure will be reproduced. 

S5 Of course, grovying objectsfrom seeds is well 



known. For instance the Bridgman method for 
epitaxial single crystal formation disclosed in U.S. 
Patent 1 793 672 and other publications dates from 
the 1920's. Delano in US. Patent 2 791 813 describes 

70 structures with controlled crystallog raphic orienta- 
tions f n which seed crystals are used to attain the 
desired result Barrow et el in U^. Patent 3 759 31 0 
describes an apparatus and elearic arc method fbr 
maldng single crystal articles with a consumable 

73 electrode in which a seed crystal at the bottom of the 
mold is used. More recently, Petrov et al in U.S. 
Patent 3 S57 436 describes an Improved method and 
apparatus for manufacturing single crystal articles. 
Disclosed therein are means and methods for Inltlat- 

60 ing ciystani:(atron at a conical-shaped bottom cham- 
ber where abrupt super-cool ing conditions are cre- 
ated. Petrov U.S. Patent describes further refine- 
ments. Also, Copley U.S. Patent 3 596 1 69, discloses 
the casting of relatively fiat objects u^'ng seed 

89 wedges and accomplishing radially outward solidifi- 
cation. 

With the exception of Barrow, all the aforemen- 
tf oned techniques anttdpate heating the mold prior 
to the introduction of the molten mctat. The practice 

90 In the prior art is that the seed is in the mold during 
the heating* Therefore, It is also heated with the 
mold to a relatively high temperature although in 
some situations Its location would indicate lesser 
heating. As the superheated molteft metal islntro- 

66 duced into the mold and allowed to atabilize. It 
contacts tha heated seed and causes it to partially 
melt Of course It is necessary to melt at least part, 
but only a part, of the seed, and this necessitates a 
control over the initial and transient conditions of the 

100 seed, moid, molten metaU and other influentiat 
factors. 

Much of the prior ert reflects laboratory technique 
and is not oriented toward mass production. Now, 
there Is a trend towards greater commercial utiliza- 

105 tion of articles having controlled crystallogrephle 
structure, such as columnar grain and single crystal 
gas turbine airfoils. This has impsllod the develop- 
ment of automated casting techniques to produce 
artides in quantity on an economic basis. According 

110 to one of these techniques, described In King etal, 
U.S. Patent 3 695 672, a heated mold is clamped onto 
a cool chill plate just immediately prior to the 
introduction of molten metal into the mold. If the 
seed crystal is used, it Is anached to the chill plate 

115 and it is, of course, correspondingly cool. The short 
duration between the mating of the hot mold andtiie 
cool chill plate provide little time for the temperature 
of the seed to increase. The same difficulty can 
obtain in some of the prior art apparatus and 

120 methods, tf the seed Is too cold, insufficient melting 
will occur and epitaxy will not result. One method of 
overcoming this is to increasingly Superheat the 
molten metal but to do so is disadvantageous since 
suportneating often leads to iricroassd time and cost, 

125 undesirad vaporization of elements, and increased 
degradation of the mold. To separately heat the seed 
or to Incrude the seed with the mold when tha moid 
Is being heated after the methods of the older art is 
also disadvantageous, both from the mechanical 

130 and manufacturing complications and because the 
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seed can bocome unduly oddi^ed or otherwise 
contaminated. 

Anot^er consideration during the manuftcture of 
articles of controlled primary and secondary crystal- 

5 logrQphic orientation is that 3fter manufacture, the 
orientation of the eo&d must be, first, accurately 
defined by suitable inspection techniques, and, 
second, controlled precisely with respect to the axes 
of the articles being casL AccordinglYf the providing 

1 0 of seeds for casting can represent a cignificant cost. 
It isr therefore, desirable that seeds be recovered 
from the casting process after the article IsfonDed 
and reused if possible. However, when the seed is 
severely melted duHng the casting operation or 

15 surrounded by a largerquamity of solidified metel of 
extraneous orientation, recovery for rouse is diffi- 
cult 

An object of the invention is to provide an 
Improved method, apparatus, end mold for the 

20 producdon of castings of controlled crystallographic 
orientation usi ng epitaxial growth from seeds hav- 
ing a known orientaHon. A further object of the 
invention is to provide for the prcseivatlon# rscov- 
ery, and reuse of seeds. 

25 According to the Invention, molten metal Is intro- 
duced into a directional solidification mold in a 
manner which causes a portion to flow over the seed 
to heat and melt a part of h, and remove any 
undesirable contamination film which may be pro- 

30 sent. When used conjunctively with a chill plate, the 
mold la configured to define a starter cavity of 
sufficient volume to contain the seed and receive 
molten metaKlowed over the seod. The seed may 
pro]eet Into tha startar cavity to allow molten metal 

36 to flow about and heat It. A ban'ler layer, such as e 
ceramic coating, may be provided on selected 
portions of the deed to facllftete its removal from the 
solid metal casting for reuse. In one embodiment 
thermal Insulation Is placed on the chill piato In 

40 portions adjacerrt the seed to slow solidification of 
molten metal of uncontrolled orientation within tha 
starter cavity and enaure thet epitaxlally sotidcf led 
metal originating from the seed will be present in the 
article. 

45 In one embodiment of the Invention^ a mold has 
an ardcla section connected to the starter section by 
a selector section. The starter section Is adapted to 
contain tha seed and to provide a volume capable of 
receiving a portion of the molten metal flowed about 

so tha seed to heat and melt ft. Ttie seleaor section Is 
located In close proximity to the region In the starter 
section where the seed Is receivable and functions to 
only allow metal epitaxielly solidified from the seed 
to pass into the article section. In a preferred 

S5 embodiment, the mold Is adapted to receive molten 
metal through the article section and Its discharge 
frorn selector section In which H passes la controlied 
to impinge on the surface of the aeed and thereby 
effectively heat and meltthe seed. 

60 The Invention lo suitable forthe production of cast 
articles of any alloys in any desired controlled 
structure producible from a seed. Of particular useful 
application is the production of columnar grain or 
single crystal components of nickel superal toys. 

65 Tha invention achieves the appropriate melting of 



2 



the seed to ensure the desired epitaxial growth 
tharefromr overcoming the defactlva castings which 
may be produced when the seed is not adequately 
FTYeKed orthe contamination layer not fully removed^ 
70 Furthar, the invantion allows the use of seed crystals 
which are not heated substantially prior to the 
Introduction of molten metal Into the mold. In a 
preferred embodiment, it further reduces the cost of 
seeds by providing for their ready recovery from 
75 solidified castings and subsequent reuse. The use of 
seeds Is made more economic and tharEfore more 
feasible compared to growth without seeding, allow- 
ing the realization of benefits from primar/ and 
secondary orientation control. Single crystal mold 
80 design can ba simplified and initial solidification 
rates increased, thereby increasing production yield. 

The foregoing and other objects, features, and 
advantages of the present Invention will become 
more apparent from tha detailed description of the 
85 preferred embodiment and the accompanying draw- 
ings which follow. 

figure 7 shows a mold containing a seed mounted 
on a chIK plate In cross section. 

^/^</re 2 shows a transverse cross section of the 
do articlecavltyoftiiemoldinRgurel. 

Figure ^ is a partial sectional view of a seed cavity 
of a mold on a chili plate. 

Figure 4 rs a detail of the seed seating. 

F/gurs 5 Is a partial sectional view Of a seed with a 
85 barrier layer around its periphery. 

Figure 6 tss partial sectionat view of an alternate 
embodiment of seed and chill plate barrier layers. 

The preferred embodiment is described in terms 
Of a mold particularly adapted to be utilized general- 
100 ly within the teachings of the aforementioned King et 
el U.S. Patent 3 895 872, for the production of one 
piece single crystal nickel alloy castings, although its 
USB is not limited to such. 

A mold 20 made of a ceramic material suitable for 
105 foming a single crystal article is mounted on a 
copper chill plete 22 as shown in Hgure 1« The mold 
is oomprised of a section which defines an article 
cavity 24 whfchr as Figure 2 Indicates, la configured 
to a gas turbine airfbil, to the production of which the 
110 present Invention especially contributes. The mold 
furtiier has a first end 26 for receiving molten metal 
end pesslng it into the article cavity and a second 
end 33 adapted to contact a chill plate. 

A seed 28. having a predetermined crystallog- 
t15 raphlcoralntation, Is mounted In a recess 30 in the 
chill p^ate 22. The seed is therefore in intimate 
contact with, and will be cooled by. the chill plte. 
Surrounding the seed is a starter cavity 32 defined 
by the second end 33# the starter section, of the mold 
120 and the chill plate 22. A selector section 34 oonnects 
the starter cavity 32 and the article cavity 24. The 
selector section 34 has a substantially smaller cross 
sectional area than either the aeed crystal cavity or 
article cavity. 

1 25 In the preferred embodiment Shownr the seed. 
Starter cavity, and selector section are drcular In 
cross section although other cross section shapes 
are equally functional. 
The relative sizes of the respective elements is not 

1 30 fixed but may be put In general perspective by way 
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of an example: When fabricating nickel superalloy 
articles, such a gas turbine airfoils loto 25 centi- 
meters hiQh, a seed of the supereHoy with a diamester 
of 2-2.5 cm and a similar height would be preferable, 
5 The starter cavity would have a diameter of about 5 
cm and the entrance to the selector section wpuld be 
about 0.5 - 1 ,0 cm above the surface of the ©eod. 
Thue the starter cavity would have a volume of more 
than five times that of the seed contained therein. As 
10 Is pointed out below, this volume is available for 
receiving molten metal for heat'ng the seed and 
initiating epitaxial eoHdification therefrom. 

The starter eectlon end 33 is placed tightly against 
the chill plate at its surface 36 to prevent the escape 
15 of molten metal- MeansfdrclaiViping^ shown as 
bolts In Figure 3. are utilized to maintain good 
contact between the mold end chill plate. Other 
mechanical fasteners and fixtures are equal !y suit- 
able so long 83 they are located out of the molten 
20 metal path and are adapted to holding a mold which 
Is at a high temperature. Of course, in mass produc- 
tion, a criterion In the selection of damping means Is 
tha ease and speed of engagement and release. 
When the mold and chill plate are firmly clamped 
25 together, the aseembly is adapted to bo placed 
within various apparatuses described in the prior ert 
for directional solidification. IWoltan metal can be 
Introduced and the requisite thermal gradient ap- 
plied to the mold to cause directional solidification of 
30 the casting. The use of the apparatus Is as follows. 
MoKen metal is introduced into the mold 20 through 
the receiving end 26. passing thereupon through the 
article section 24 and selector section 34 and imping- 
ing on and flowing across the surface 38 of the seed 
38 28. Tha action of the molten metal on the seed 
eurfece 38 thereby heats It and causes itto melt and 
through turt>ulence enhances the removal.of any 
deposits or films. The molten metal having passed 
across the surface of the seed is deposited In th^ 
40 eterter cavity 32 adjacent the seed. Thus the starter 
cavity functions as a receiving reservoir for the 
molten metal used to hoatthe metai.The receiving 
reservoir could be located apart from the cavity 
oontainlng the seed» If desired. Metal introduction by 
45 a saparato gate, as shown In U.S* Patents 915 761 Is 
another option. In such cases the starter cavity still 
must be confiQUT«d to allow through-flow of moKen 
motal. As the etamente ore configured in the prefer- 
red embodiment of Figure 1, after passage over the 
50 seed surface, the molten metal surrounds the seed 
laterally and thereby further Imparts heat to It 
When the mold has been filled with metal, by 
withdrawal of heat through the chill and mold walls 
according to known practice, molten metal is caused 
55 to solidify progressively along the principal axis of 
the mold, that is* vertically. Metal in the starter 
section will solidify first, and of course a major 
portion of the seed is present as a solid throughout. 
Inasmuch as the selector section 34 is centered 
60 above the seed 28, motal which solidifies epitaxially 
on the surface of the seed will desirably first reach 
the eelBctor eeetion and pass therethrough. Since 
the solidifying metal passing through the selector 
section solidified epitaxially from the seed crystal, it 
65 will have the seme orientation as die seed crystaL In 
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like fashion, the article fomned In cavity 24 will have 
a similar orientation, as it takes its structure from the 
eartier^ormed material of the selector section. 
Rgure 3 illustrates In more detail the arrangement 
70 of the important elements of the invention In the 
starter section. To obtain a desired secondary orien- 
tation, it is necessary that the seed crystal be 
oriented in a predetermined manner with respect to 
the article cavity 24. This is achievable by orienting 
75 both the seed and mold infixed relationship to the 
chill plate 22/Ae shown n Rgure 3, the mold is 
oriented to the chill plate by means of bolts 37 which 
also have the function of clamping the moldtothe 
chill plate to prevent leekagc. Of course, other 
80 orienting means can be utilized, particularhr in mass 
producutionr such as polarising Of the chill plate and 
mold by shape at their contact points or using 
electro-optical sensors v^hh suitable Indices. Shown 
in the detail of Rgure 4 are means for orienting tiie 
85 seed with respect to the chill plate. Vertical or 

primary axis orientation is earned out by the obvious 
means of resting the seed on the surface of the chill 
plate. The secondary orientation, or the polar orien- 
tation about the primary axis, is controlled by means 
90 of a mating slot and key. As shown, the seed crystal 
has a simple slot 46 across its diameter while the 
chill plate Is provided with an Integral key way 48. 
Other mechanical detents and locators and other 
polarizing methods will also be suitable. 
95 ' Further slwwn in Rgures 3 and 4 Is a ceramio 
shield 40 surrounding the cipcumference of the seed 
28. this Is a barrier layer to prevent molten metal 
which has passed overtime surface 38 of the seed and 
come to rest in the starter cavity 32 from adhering to 
100 the circumference 42 of the seed. The shield 40 will 
tend to Inhibit melting at the seed circumference 42 
and vyiil prevent adherence of the molten metal in 
the cavity to the seed circumference. Accordfnglyr 
after the metal inthecavity 32 has solidified and^a 
103 entire casting Is removed from the mold, the casting 
can be cut across the plane of surface 38 and the 
seed w!l I the reby be readily detachable from the 
starter section casting, and with minor preparation 
can be reused, 
no Figure 3 shows an alternate embodiment of the 
caramic shield 40 wherein the shield is recessed into 
the chill plate with the eeed. The shield can be 
constnjcted from a ceramic material or any other 
substance which is resistant to the action of the 
n B molten metal during the short time it is exposed to it 
prior to solidification. It is only required that tiia 
shield be formed of a material which has the 
recjuisita thermal and corrosion resistance and Is in 
addition of sufficient mechanical strength to not 
120 become loose under the action of the molten metal. 
Of course to achieve the abject of the Invention, the 
barrier layer around the seed circumference noed 
not be a separate physical element but can be a 
coating on the seed as well. Rgure 6 shows a still 
125 further embodiment of the invention in which the 
seed is mounted flush w'rth a depressed region of the 
surface of the chill plate tog etiier with shield 40. 
Shown in addition ceramic annular disc 44 which 
IS resting on the chill plate surface 36 adjacenttha 
1 30 seed. The disc 44 has the function of reducing the 
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cooling through the chill plate, and therflfore the rate 
of aolidification of the molten metal adjacent the 
sead, compared to what it would be If the disc were 
not present Naturally, the nnfltal solidifying from the 

5 chili plats surface 36 wilt not have the desired 
crystallographic ori^ntBtion of the seed. In particular 
starter cavtty configurations, the presence of the disc 
44 gives more osdurance that metal having en 
undesrred Qrystallographfc orientation will not reach 

10 the seTactor eectlon 34 before that metal epitaxtally 
eolldlf/Ing from the seed surface 38. in Figure 6, the 
disc 44 18 shown as a separata element covering the 
entire 9xpo^d chili piate in the cavity 32. However, 
tha diametrical extent of cove rage can be varied, for 

15 example, by decreaeing the diameter of the disc 44 
so that some of the chili pf ate surface at the 
perf phery of cavity Is exposed. Variation of the 
coverage of the chtl! piate would controliebiy vary 
heat extraction from the metal in cavity 32 to effect 

20 the desired solldrfication of the article, in addition, 
the disc 44 may be n^ade integral with the shield 40 
09 )a shown in Figure 3. As another alternate, the dieo 
44 can be made Integral with the mold 20, in which 
case the Inner diameter of the disc portion wouid be 

25 varied to control heat extraction. The disc 44 can also 
be configured as a coating on the ohfll plate, and the 
functioning of the disc can be varied by the thleJenass 
and thermal eharacterrstlcs of the materiat of con- 
etructlon. 

30 The use of the apparatus and method described 
herein can be adapted to tha production of single 
parts or multSple parts. Of course/ multiple pieces 
can be made by arranging a muitiplictty of fftoids of 
the type ahovm in Figure l as an assembly, as is the 

35 common practice In the mesa production of direo- 
donaliy sottdlfled investment castings. Alternately, 
more than one part may be made from a single seed 
crystal by spreading the mold immediately above 
the selector section, somewhat in the manner of 

40 Petrov, Patent 3 857 436. 

White theforegoing invention has been described 
In the prefErred embodiment in terms of a single 
crysta I casting, it is within the contemplation of the 
invention that columnar grain castingd and Other 

45 epitaxielly derived casting structures will be pro- 
duced. The invention is usable with any castable 
alloy for which a suitable mold can be fabricated. It 
will further be understood by thoae sleilled mthe art 
that various changes and omissions in the form and 

50 detail thereof may be made therein without depart- 
ing from the scope of the invention defined in the 
appended daims. 

CLAIMS 

1. An apparatus for solidifying molten metal into 
en article having controlled fitystallographlc orien- 
tation/ characterized by: 

8 chill plate for caoting molten metal dunng 
GO directional solidification; 

a seed of a known crystallographic orientation for 
Initiating epitaxial solidification which is desired in 
Xho articfo; 

means for holding the seed in pradetarmfned 
65 orterrtation with respect to the mold in proximity to 
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the chill p!atD ao that heat transfer from the seed to 
the chili plate can be achieved; 

a mold having an article section and a starter 
section shaped to cause flow of molten metal about 
70 the seed, the etdrter section being tn contact with the 
chiti plate, and conjunctively with the chilt plate 
defining a volume capable of containing the seed; 
and 

means for holding the moid fixedly to the chill 
75 plate, to control the orientation of the mold wfth 
respecttc the seed. 

2. The apparatus according to claim 1 charact^ 
rlzed in that the mold has a selector section connect 
Ing the article section and the starter section to 

80 ensure that only epitaxially solidified material is 
formed in the article section. 

3. The apparatus according to claim 1 characte- 
rized in that means is provided for impinging molten 
metal on the surface of the seed eothat hoating is 

85 Increased and surface contamination films which 
InterFarc wrth epitaxial solidificatron are removed. 

4. The apparatus according to claim 1 charact^ 
rized In that it further included a seed which projects 
into the starter cavity eo that molten metal flowing 

90 imo the starter cavity surrounds the seed at a surface 
oth er tha n that from which epitaxial solidification 
irrto the article takes place, to provide additional 
heating to the seed. 

5. The apparatus according to claim 2 eharaete- 
95 rizad in that means is provided for preventing 

molten metal flrom adhering to the seed at predeter- 
mined location which fadtftate the removal of the 
seed from the solidified casting, 
a The apparatus according to daims 1 or 2 

100 charaoleriwd in that meena ia provided for thermally 
insulating a portion of the chill plate adjacent the 
seed to lessen heat loss from surplus metal placed in 
the Starter cavity. 
7. The apparatus according to claim 1 characte- 

105 rlzed in that the seed lea single crystal. 

d. A method of castilng metal into an article 
having controlled eryetallographic orientation wfth 
the apparatus according to any of claims 1 -7 using 
epitaxial directional sol Idlficatlonfhim a seed which 

110 is initSally substantially ooolerthanthe melting point 
of the metal being eastf characterized by: 

impinging end flowing molten metal over the 
surface of the seed In sufficient quantity to heat end 
melt a portion of the seed and remove surfeoa 

1 1 6 contamination vwhich interferes with epitaxial sol Wl- 
fication from the seed. 

g. Tha method of casting metals into an article 
having controlled crystallographic orientation, 
according to Claim 8 characterized by: 

1 20 placing a seed on a chill plete in e controlled 
orientation thereto; 

providing a heated mold on the chill plate in a 
fixed orientation thereto to contain the seed therein 
and receive molten metal: 

125 filling the mold with molten metal using a means 
which ensures that e portion of the molten metal 
flows across The surface of the seed to a reservoir In 
sufficient quantity to heat and partially meha 
portion of the seed and remove any contamination 

130 films thereon; end 
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epttaxially solidilVing the molten metal to form an 
article from the seed having a crystallographic 
orientation dstermined by the seed. 

10. The mothod according to glaim 9, characte- 
5 rizBdby: 

plooing a barrier layer resistant to the molten 
metal around a portion of the seed for preventing 
adherence of molten metal to the seed, \Mthoijt 
Gilmlnating the envelopment of the ssed by molten 
10 metal which would occur in the absence of the 
barrier layer, to faciliteto removal of the oead from 
the casting after soUdrftoetion^ 

1 1 . The method according to dalm 8 of casting 
metals into an article having controlled crystallog- 

15 rdphicorlomstlon, characterized by: 

forming a mold which has a first end adapted to 
receive molten metal, a second end adapted to 
define a starter cavity when In contact with a chill 
plate, an article cavity adapted to contain and form 
20 molten motat and a selector section located between 
the second end and the ardde cavity; 
heating the mold; 

providing on a cool chill plate a seed substantlallY 
smaller than the starter cavity; 

25 contacting the second end of the mold with the 
chill plete in a manner which both contains the seed 
in the starter cavity end provides a space within the 
cavKy adapted to recetve end contain molten metal; 
flllino the mold by pouring molten metal into the 

30 firet end of the mold, so that the molten metal passes 
to the second end and ows to a reservoir by 
passing across the surface of the eeect to heat and 
molt a portion of theseed: 
cooling tha mold so that the molten metal soiidl- 

Z5 fies epitaxially from the second end into the article 
cavity to form and ardcta having a crystetlographic 
orientation determined by the seed. 

12. A moid for epitaxially casting metal from a 
seed into an artlde of cotroiled erystallographlc 

40 orientation wherein the mold is fixed to a chill plate 
and molten metal is directionallysoiidrfied, characte- 
rised by: 

an article cavity for forming molten metal into an 
artifile; 

46 a sefector cavPty connected to the article cavity for 
eontroliing the erystallographlc orientation of metal 
which grows by solidification into the article cavity 
from a starter cavity; 
a starter cavity connected to the selector cavity^ 

50 having a cross sectional area substantially greater 
then the selector cavity and a volume sufficient to 
contain a seed end molten metal introduced into the 
mold for heating a seed, and; 
meenefor introduction of molten metal into the 

55 mold so that it flows across the seed to the starter 
cavity where there is e volume to contain the molten 
metal. 

13. The mold according to claim 11 characterized 
in that the selector cavity is a substentialiy straight 

60 channel aligned between the starter cavity and the 
article cavity, the channel axis being substentiatty 
parallel to tiie principal growth axis of the article 
f ormable In the mold. 

14. The mold according to claim 12 characterized 
65 tn that the motd starter cavity is shaped to minimize 



beat toss to a chill plate in regions adjacent the seed. 

15. An apparatus f6r solidifying molten metal 
into on article having controlled erystallographlc 
orientation as hereinbefore described with roffar^ 

70 ence to the accompanying drawings. 

16. A method of casting mGt&\ Into an article 
having controlled erystallographlc orientation as 
hereinbefore described with reference to the accom- 
panying drawings. 
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